Solenopsis xyloni McCook and Solenopsis geminata (Fabricius) have been displaced by Solenopsis invicta
Buren from much of their range of distribution, presumably by competition (Wilson and Brown 1958 , Porter et al. 1988 , 1991 , Porter 1992 ). There was speculation that S. invicta would eventually move into counties where the other two species are presently found (Hung et al. 1977) ; however, this movement has been slow to nonexistent in the southwest. Braulick et al. (1988) suggested that the western boundary of the S. invicta invasion may be limited by the arid environment. In addition, Buren (1972) speculated that the deserts of western Texas would stop the progression of S. invicta. Several authors have postulated that moisture and temperature are the most important determinants deÞning the range of Þre ants (Hung and Vinson 1978 , Pimm and Bartell 1980 , Moody et al. 1981 , Korzukhin et al. 2001 , Sutherst and Maywald 2005 .
However, Williams et al. (2003) suggested that biological factors such as predators, parasites, pathogens, and competitors may be the major reason that S. invicta populations are reduced in its native habitat. Braulick et al. (1988) considered several factors that can affect the distribution of Þre ants in Texas, including food, nest material, relationship to other ants, moisture, and temperature. These factors along with natural enemies may have an inßuence on the spread of S. invicta.
More than 30 natural enemies have been described attacking Þre ants in South America, most of which are nearly absent in the United States (Jouvenaz et al. 1977 , Jouvenaz 1983 , Wojcik et al. 1987 , Porter et al. 1997 . By successfully establishing some of these biological control agents, they may negatively inßu-ence Þre ant populations allowing native ants to be better competitors (Williams et al. 2003) . The rapid spread and growth of S. invicta populations in the United States is likely caused by the lack of natural enemies (Porter et al. 1997) . Species in the genus Pseudacteon have shown promise as classical biological control agents (Porter 2000) . Pseudacteon ßies cause several behavioral modiÞcations that can result in the host ant species being placed at a competitive disadvantage relative to other ants in the area (Morrison 2000b) . As a result of PseudacteonÕs indirect impact (reduced foraging), ant species that might otherwise be excluded from food sources in Þre ant territories seem to compete better (Feener 1981 , Orr et al. 1995 . In South America, Þeld studies have revealed that Pseudacteon ßies decreased foraging and at times contributed to species turnover at baits (Orr et al. 1995 , 1997 , Porter et al. 1995b , Folgarait and Gilbert 1998 .
The spread and invasion of the red imported Þre ant has been well documented. The range of S. invicta becomes sporadic as it spreads westward across Texas (Buren 1972 , Buren et al. 1974 ) and as the climate becomes progressively drier (Moody et al. 1981) . In areas of low moisture, S. invicta has been found only where moisture is readily available to the colony throughout the year (Moody et al. 1981) . MacKay (1997) reported that S. invicta was found in El Paso, TX, in 1989. Isolated colonies have been conÞrmed from other southwestern states (MacKay 1997 , Williams 1994 . A well-established colony found in Arizona should leave no question that S. invicta can establish in the arid southwest under appropriate conditions (Frank 1988 ). In 1998, California discovered infestations of S. invicta leading to the quarantine of Orange, and part of both Riverside and Los Angeles, counties in 1999 (Anonymous 1999) . Doñ a Ana County, NM, also conÞrmed the introduction of S. invicta in 1998 and was quarantined in 1999 (Sutherland et al. 1999) .
The native southern Þre ant, S. xyloni McCook, is distributed from California east to South Carolina and Florida, and north through western Texas, Oklahoma, and southeastern Colorado (Gregg 1963, Young and Howell 1964) ; however, populations are now reduced or eliminated in many of these areas. S. xyloni also extends into central Mexico (Krombein et al. 1979) . Throughout most of western Texas, S. xyloni is widespread and abundant (Moody et al. 1981) and is also the most common Þre ant in southern New Mexico (MacKay and MacKay 2002) .
Since 1998, the New Mexico Department of Agriculture has concentrated on surveys to monitor populations of S. invicta. Although large populations of S. xyloni are common, only two small populations (Ͻ2 ha) of S. invicta have been found (2003, 2004, and 2005) since the initial quarantine (Jacobson et al. 2006 ) and have not become more dominant.
Most of the southeastern United States, from Florida to Texas, and a few counties in New Mexico and California, have been quarantined by the USDA/ APHIS in an attempt to contain the spread of S. invicta. Although environmental conditions vary considerably within the quarantined region, S. invicta is most common in locations with higher precipitation. This species has not become dominant in most of the arid and semiarid southwestern United States, undoubtedly because of inadequate moisture requirements. In contrast, S. xyloni is abundant and seems to have adapted well to arid environments. Given a choice, however, S. xyloni still prefers areas of high moisture, suggesting that both species share similar niches. As a result, competition may play an important role in the ability of S. invicta to establish territories in newly invaded semiarid areas. Finally, S. invictaÕs rapid spread supports the idea that it has escaped natural enemies. The combination of native Pseudacteon ßies in the United States with the mass production and release of host speciÞc exotic Pseudacteon ßies has potential as a longterm biological control option. All of these factors, individually or in combination, may provide insights into the fate of S. invicta in semiarid environments such as the southwestern United States.
The main objective of this research was to study the inßuence of the Þre ant parasitoid, Pseudacteon tricuspis Borgmeier (Phoridae), low humidity, and competition with S. xyloni on the survival and Þtness of S. invicta. It was hypothesized that S. xyloni may have a competitive advantage foraging in low humidities common in a semiarid desert environment and that S. invicta survival efÞciency would be reduced under parasitoid pressure, low humidity, and competition. Solenopsis invicta colonies were separated from the soil by the drip method described by Banks et al. (1981) . S. xyloni has reduced ability for the whole colony to ßoat like S. invicta; in fact, none of the S. xyloni colonies survived ßoating well. As a result, S. xyloni were sifted by hand or separated following techniques described by Markin (1968) . Queens were collected, and numerous workers were aspirated by sifting through the soil in a bucket. The remaining soil was transferred into large containers and dried, forcing most of the colony into several test tubes (20 by 150 mm; VWR Kimax, Batavia, IL) half full with water and plugged with cotton. All colonies used were polygyne. Each colony was placed into an 11-liter Rubbermaid (no. 4630) container lined with Fluon (Northern Products, Woonsocket, RI) containing a nesting dish (150 by 15-mm petri dish; VWR Kimax) half-Þlled with damp laboratory stone (Orthocast, High Bridge, NJ), and a test tube plugged with cotton to supply water ad libitum. Last-instar crickets (Fluker Farms, Port Allen, LA) were fed to the ants every other day, and creamy peanut butter (Great Value; Wal-mart Stores, Bentonville, AR) was provided on a weekly basis. These colonies were the stock from which the experimental colonies were obtained. The stock S. xyloni and S. invicta colonies were kept at 26.8 Ϯ 1.0ЊC (SD) and 70% Ϯ 5.3 RH.
Materials and Methods

Solenopsis invicta
Stock colonies were randomly selected and separated into smaller experimental colonies. The experimental colonies consisted of a queen, 1,000 workers, and 10 larvae placed into an 11-liter Rubbermaid container. Each queen was weighed using an Ohaus (Explorer E01140) balance before being placed into the nesting dish. A hole was drilled into the bottom of the container where an eppendorf tube (1.5 ml with the tip cut off) was Þt and glued tightly. This allowed for a Tygon tube connection. The containers were furnished with water (test tube plugged with cotton) and a nesting dish (100 by 15-mm petri dish; VWR Kimax) with damp laboratory stone for increased humidity within the nest.
All experimentation was conducted at the New Mexico State University Quarantine facility. The laboratory was equipped with several rearing rooms, all of which were temperature and humidity controlled. For all treatments of the experiment, temperature was maintained at 26.8 Ϯ 1.0ЊC. While a Drizair dehumidiÞer LGR2000 (model F232; Dri-eaz, Burlington, WA) was used to reduce the humidity to 17.4 Ϯ 4.4% RH for low-humidity rooms, high-humidity rooms were controlled with a humidiÞer (model NHMC 010, Nortec Industries, Riverside, CA) and maintained at 70 Ϯ 5.3% RH. The rooms were computer controlled to allow easy temperature and humidity manipulation.
The experimental colonies were placed into designated arenas according to treatment. The arenas were designed based on a version of the colony level interference competition experiments of Morrison (2000a) . The arenas (Fig. 1) were built with three levels (two enclosed and one exposed to the room environment). The arena was constructed of metal rods (13 mm thick) for framing with sheet metal doors and outer covering. The lower level was designed to hold containers of water that functioned to maintain high humidity levels to simulate an underground colony. Five metal rods were evenly spaced separating the lower and second level. The second level supported the experimental colonies in total darkness. The closed arena maintained the second level at 85 Ϯ 2.7% RH in high-humidity rooms and 68 Ϯ 2.5% RH in low-humidity rooms. The top level had three trays (Rubbermaid Drawer Organizer 23 by 15 by 5 cm, no. 2916) (two buffer trays and a foraging tray) lined with Fluon and talc that were connected to each other with 15-cm-long by 1.5-cm OD Tygon tubing. The buffer trays were connected to the experimental colonies in the second level using 75-cm-long by 1.5-cm OD Tygon tubing tracked through holes in the top level. The arenas were placed in humidity-and temperaturecontrolled rooms, as previously described, in the New Mexico State University Quarantine facility.
Foraging Treatment Factors. The inßuences of humidity, competition, and parasitoids on the foraging success of S. invicta and S. xyloni were tested. Noncompetitive foraging factors were quantiÞed by establishing four experiments: (1) S. xyloni at high and low humidity, (2) S. invicta at high and low humidity, (3) S. xyloni at high and low humidity while exposed to P. tricuspis, and (4) S. invicta at high and low humidity while exposed to P. tricuspis. Competitive foraging factors were quantiÞed by establishing two additional experiments: (5) S. xyloni and S. invicta competing for a single food source at high and low humidity and (6) S. xyloni and S. invicta competing for a single food source at high and low humidity while exposed to P. tricuspis.
Colonies not in competition (i.e., controls) had two (23 by 15 by 5 cm) trays (one buffer tray and a foraging tray) lined with Fluon and talc that were connected with 15-cm-long by 1.5-cm OD Tygon tubing. The buffer trays were connected to the experimental colonies in the second level using 75-cm-long Tygon tubes as previously described. Each experimental container was placed into the arena for 48 h without food. Colonies in competition had three (23 by 15 by 5 cm) trays (two buffer trays and a foraging tray) lined with Fluon and talc that were connected with 15-cm-long Tygon tubing. The buffer tray connected to S. xyloni was the native buffer zone and the buffer tray connected to S. invicta was considered the imported buffer zone. The foraging tray was in between each buffer tray. Once again the buffer zones were connected to the second level using 75-cm-long Tygon tubing. The treatments with P. tricuspis had a taller foraging tray (23 by 15 by 15 cm) covered with saran wrap and Þxed with a rubber band. Four 2.5-cm-diameter holes (two on each side) were cut in each tray and covered with 100-mesh screening. Three to Þve female Pseudacteon ßies were identiÞed and released into the forage tray, and new ßies were added daily if necessary. P. tricuspis ßies were shipped from the USDA APHIS PPQ CPHST, Division of Plant Industry, out of Gainesville, FL, every week as needed. USDA limited the number of Pseudacteon ßies received every year, and New Mexico was provided with 6,000 per year that were available to the experiment. A preliminary bait study concluded that hotdog was an attractive bait for both species. Therefore, a 3-g piece of fresh, uncooked hotdog (pork, chicken, and beef franks; Bar-S Foods, Phoenix, AZ) was placed in the center of the foraging tray for the duration of the experiment. The ends of the hotdog (2 cm) were cut off and discarded. The hotdog for the experiment was cut to create a 0.50-cm-thick disk with the outer skin left on. The eppendorf tube lids were opened and colonies were free to forage for 72 h. Trays were closed, and the number of workers in the foraging tray was counted after 2, 24, 48, and 72 h of foraging by visual observation and/or aspirating them from the tray. To count workers in competition, pairs that were battling were aspirated Þrst. Single ants (not battling) in the same tray were identiÞed. If there was any uncertainty in the identiÞcation, the ant was placed back into the likely stock colony. If the ant was attacked, it was considered the opposite species; if it was not attacked, it was identiÞed as that species. Observations were made on strategies used during competition and changes in colony size and death.
The leftover hotdog was placed into a paper envelope and dried for 4 d (65ЊC) using a drying oven (model 30 GC Lab Oven; Quincy Lab, Chicago, IL). After drying, the hotdog was weighed (Ϯ0.0001 g) (Explorer E01140, Ohaus Corp., Pine Brook, NJ) to estimate foraging. When conducting any of the experiments a fresh, uncooked hotdog was left in a tray without the inßuence of foraging for the 72-h period to estimate the dry to wet weight ratio in both humidity treatment levels. The dry to wet hotdog weight ratio was 0.366 Ϯ 0.010 SD. The ratio was used as a standard to calculate total food retrieved (Initial weight ϫ [ratio] Ϫ dry weight).
Experimental Design and Statistics. The experiment was designed as nested split-split plots in a completely randomized design. The experimental room was the whole plot experimental unit; the arena was the subplot experimental unit; the colony was the sub-subplot experimental unit. Humidity consisted of two treatments (high and low) applied to the room. Competition or no competition was applied to the arena. The presence or absence of P. tricuspis was applied to the colony. Within a room, there were two arenas. In noncompetitive foraging, there were 25 replications for S. invicta and 7 replications for S. xyloni in both high and low humidity. In noncompetitive foraging in the presence of P. tricuspis, there were 18 replications for S. invicta and 6 replications for S. xyloni in both high and low humidity. In competitive foraging, there were eight replications for competing ants in high humidity and seven replications for competing ants in low humidity. In competitive foraging in the presence of P. tricuspis, there were nine replications for competing ants in both high and low humidity.
The analysis was conducted using the MIXED procedure (SAS Institute 1999), and least square means were compared using pairwise t-tests. Worker analysis and occupancy (i.e., dominance) also involved repeated measures in time. The REPEATED statement of the MIXED procedure was used to account for covariance among times. Occupancy was calculated taking the proportion of both species present relative to the individuals in a particular tray. When neither species was present, zero was recorded for both species and used in the analysis. The ddfm ϭ satterth option of the MIXED procedure was used to calculate degrees of freedom for all worker activity data, whereas the ddfm ϭ kr option was used in the food retrieval data.
Diagnostic tests were conducted in SAS (SAS Institute 1999), making sure data met assumptions for each test. Unequal variances were analyzed observing the residual plot and Levene test for homogeneity. The Shapiro-Wilk test was used to analyze normality of the data. Number of workers was transformed using the log(worker number ϩ 3/8) (Anscombe 1948) .
Results
Noncompetitive Foraging Factors. Food retrieval and worker number (i.e., foraging activity) were used as response variables to the humidity levels and the presence/absence of P. tricuspis. Neither species showed a difference in food retrieval between high and low humidity (Table 1) . However, S. invicta retrieved considerably more food than S. xyloni under high humidity (t ϭ 2.46, df ϭ 117, P ϭ 0.0155) and low humidity (t ϭ 3.22, df ϭ 117, P ϭ 0.0017). This was surprising, because it was hypothesized that S. xyloni should forage more under low humidity. Overall, S. xyloni retrieved very small amounts of food. Worker ants of both species gathered food from everywhere around and on top of the hotdog.
At both humidity levels, there were signiÞcantly more (high humidity: t ϭ Ϫ4.59, df ϭ 494, P Ͻ 0.0001; low humidity: t ϭ Ϫ4.52, df ϭ 496, PϽ 0.0001) S. xyloni workers at 2 h than S. invicta, the Þrst day of foraging (Fig. 2B) . However, after the Þrst day, worker activity of both species drastically decreased for the remainder of the experiment. With the exception of day 1 (2 h), worker activity was similar between both species at both humidity levels ( Fig. 2A) . Within a species, S. xyloni worker activity was not different between hu-midity levels, even at 2 h, when worker activity was at its highest ( Fig. 2A) . However, low humidity inßu-enced S. invicta at 2 h (t ϭ 2.79, df ϭ 505, P ϭ 0.0054) by decreasing worker activity as expected (Fig. 2B) .
The effect of P. tricuspis on food retrieval and foraging activity was variable between humidity levels when colonies were not competing. At high humidity, there was no difference in food retrieval between the species (Table 1) when P. tricuspis was present. However, at low humidity in the presence of P. tricuspis, S. invicta retrieved more food than S. xyloni (t ϭ 2.14, df ϭ 198, P ϭ 0.0335). Overall, P. tricuspis did not inßuence food retrieval of S. xyloni (Table 1) , whereas within S. invicta treatments, there was a reduction (t ϭ 1.72, df ϭ 73.4, P ϭ 0.0900) in food retrieval only in the presence of P. tricuspis in low humidity compared with low humidity in the absence of P. tricuspis.
Solenopsis xyloni worker activity was signiÞcantly higher than S. invicta at 2 h in both humidity levels with and without Pseudacteon ßies. Overall, Pseudacteon ßies had a negative inßuence on foraging activity only at high humidity for both species (Fig. 2B) . Similar to the noncompetitive foraging without P. tricuspis, worker activity in the presence of P. tricuspis decreased after the Þrst day ( Fig. 2A) . Usually S. invicta and S. xyloni worker activity was similar from 24 h to the end of the experiment. There were no differences in worker activity of either species in the presence of Pseudacteon ßies at either humidity level ( Fig. 2A and B) .
At 2 h of foraging for both species, treatments in the presence of Pseudacteon ßies showed signiÞcantly reduced worker activity compared with the "optimal" high-humidity noncompetitive foraging in the absence of P. tricuspis (Fig. 2B) . Similar to other research, S. invicta was negatively inßuenced when parasitoids were present. With the addition of Pseudacteon ßies in high humidity, S. invicta worker activity decreased (t ϭ 2.33, df ϭ 468, P ϭ 0.0205) compared with high humidity without parasitoids (Fig. 2B) . Low humidity combined with Pseudacteon ßies also showed a signiÞcant decrease (t ϭ 3.07, df ϭ 505, P ϭ 0.0022) in S. invicta worker activity compared with the highhumidity treatment in the absence of P. tricuspis at 2 h (Fig. 2B) . When Pseudacteon ßies were added to high humidity, S. xyloni worker activity was also decreased (t ϭ 1.69, df ϭ 458, P ϭ 0.0908) compared with S. xyloni exposed to high humidity in the absence of P. tricuspis (Fig. 2B) . At 2 h, S. xyloni worker activity in high humidity was greater (t ϭ 2.88, df ϭ 506, P ϭ 0.0041) than S. xyloni at low humidity and in the presence of Pseudacteon ßies (Fig. 2B) .
Competitive Foraging Factors. These factors evaluated the ability of both species to compete against each other at both humidity levels with and without P. tricuspis. Food retrieval could not be separated by ant species. Focusing on humidity effects in competition without P. tricuspis, more food was retrieved in low humidity (Table 1) . This was surprising, because in all food retrieval experiments, humidity was not a factor for either ant species. At low humidity, P. tricuspis had a signiÞcant negative inßuence (t ϭ 3.61, df ϭ 201, P ϭ 0.0004) on the amount of food retrieved while both ant species were in competition.
Analyzing worker numbers made it possible to identify the species occupying the foraging area in competition. Usually, S. xyloni were Þrst to Þnd the food source (at 2 h); however, by 24 h, the differences were gone, and under low humidity, more S. invicta workers were at the food source (Fig. 3A) . More worker activity was seen for S. invicta at high humidity in the absence of P. tricuspis compared with low humidity in the absence of P. tricuspis (t ϭ 2.16, df ϭ 506, P ϭ 0.0315). At both humidity levels, when Pseudacteon ßies were introduced while in competition, there was no difference in the number of workers between species ( Fig. 3A and B) .
When S. xyloni competed in low and high humidity without Pseudacteon ßies, there was no difference in worker activity (Fig. 3B) . However, when P. tricuspis was added at either humidity level with competing ants, worker activity increased (high humidity: t ϭ Ϫ2.99, df ϭ 457, P ϭ 0.0029; low humidity: t ϭ Ϫ2.11, df ϭ 465, P ϭ 0.0357) compared with competing ants without ßies in the same humidity (Fig. 3B ). This also occurred at 24 h (Fig. 3A) . S. invicta responded similarly when comparing treatments with Pseudacteon ßies to treatments without ßies ( Fig. 3A and B ; high humidity: t ϭ Ϫ4.20, df ϭ 457, P Ͻ 0.0001; low humidity: t ϭ Ϫ4.63, df ϭ 465, P Ͻ 0.0001).
When competing at high humidity, S. xyloni dominated its buffer tray and the forage tray at 2 h (Fig.  4a) . S. invicta dominated its buffer tray throughout the experiment and by 24 h overtook and maintained dominance over S. xyloni in the forage tray throughout Food retrieval (mg) at 70 and 17% RH with (S. invicta, N ϭ 18 ; S. xyloni, N ϭ 6) and without (S. invicta, N ϭ 25; S. xyloni, N ϭ 7) Pseudacteon flies of both noncompeting and competing (high humidity, N ϭ 8; low humidity, N ϭ 7; in the presence of P. tricuspis, N ϭ 9) S. invicta and S. xyloni colonies August 2006the experiment. This was not surprising considering S. invicta has been displacing native ant species in areas of high humidity. At low humidity, S. xyloni again controlled their buffer tray at 2 h; however, they did not maintain dominance (Fig. 4b) . The low humidity did not seem to favor the native ants. By 24 h in low Dominance patterns changed when Pseudacteon ßies were introduced into the competition experiments. S. xyloni dominated its buffer zone in high humidity with Pseudacteon ßies (Fig. 4c) . In the foraging tray, no dominance was seen at 2 h; however, from 24 h on, S. xyloni dominated (Fig. 4c) the for- aging tray. Initially (2 h) the baits were covered with hundreds of ants; at this early stage, S. invicta was likely inßuenced by P. tricuspis and dominance turned over. In both humidity levels without P. tricuspis, S. invicta dominated its buffer tray. When Pseudacteon ßies were added to high humidity, S. invicta did not maintain dominance in its buffer tray (Fig. 4c) . When low humidity and Pseudacteon ßies were combined with competition, there was no dominance in the foraging tray (Fig. 4d) . For the most part, each species main- tained dominance in its own buffer tray when exposed to low humidity and P. tricuspis.
Discussion
Solenopsis invicta is very competitive, as its range shows, and in these experiments was capable of outcompeting S. xyloni not only in high humidity, as was expected, but also in low humidity (Fig. 4a and b) . Similar to the interference competition experiment of Morrison (2000a) , initial battling in these experiments occurred in the foraging tray where S. invicta was able to dominate S. xyloni; subsequently, more battling continued in the native buffer tray. Additionally, when colonies were competing, the losing colony would plug the foraging tubes after their buffer trays were invaded. Usually this was S. xyloni, who were defeated many times at low humidity in the absence of P. tricuspis and had three of seven colonies killed.
The activity of both ant species occurred very early, perhaps as a response to initial starvation. However, the increased activity of S. xyloni workers suggested that they sent a larger scouting party for food retrieval regardless of competition. Johnson et al. (1987) stated that some species invest heavily in recruits and gain energy by gathering large-sized resources. Often these species are aggressive because they use their energy to Þght for access to the food source. However, there are species that are better suited for exploiting smaller resources by investing in more scouts and yielding to more aggressive workers at larger resources. S. xyloni seems to behave similarly to the latter species. Interestingly, both species had food storage piles located in several areas, mostly concentrated in the second level of the arena. Food storage has not been documented by Solenopsis spp. and occurred in both species and in all foraging factors.
Although food retrieval by species could not be distinguished when ants were competing, S. invicta in noncompetitive foraging was able to retrieve considerably more food than S. xyloni, irrespective of treatment (Table 1 ). The idea proposed by Johnson et al. (1987) would suggest that S. xyloni should yield to other species on large food sources. Here, however, S. xyloni was seen competing because only one food source was available. In some sense, foraging Þrst may have worked to the advantage of S. xyloni because food may not have been available if S. invicta dominated the tray Þrst. Feener (2000) suggested that a competitive subordinate can coexist successfully only by Þnding and using resources before the dominant species discovers them. S. xyloni was on the defensive much of the time in these experiments as was S. geminata in competition with S. invicta in the study of Morrison (2000a) . Compared with the noncompetitive foraging experiments, there was a decrease in the work force when ants were competing. Morrison (2000b) also found that S. invicta always controlled the forage tray in the absence of parasitoids. For all foraging experiments conducted here, even though worker caste ratio (major: minor) was not taken into account, S. invicta dominated in the absence of parasitoids. Morrison (2000a) found that, when majors of one Solenopsis species competed with minors of another species, mortality of minors was very high. This could explain some of the dominance hierarchies. Despite the fact that S. invicta had fewer workers at the food source ( Fig. 4a and b) and overall (Figs. 2 and 3, high versus low humidity), they were able to retrieve signiÞcantly more food than S. xyloni. Perhaps larger food particles were being carried away so that S. invicta received more effort per worker or workers were moving faster to gather more food and sent large recruitment parties at a time to gather food, possibly a strategy to reduce desiccation. These strategies may have been enhanced by both species in competition as more food was retrieved in low humidity.
While it was thought that low humidity would reduce the amount of food S. invicta retrieved, S. invicta dominated and retrieved as much food as in the high humidity treatments. Interestingly, Li and Heinz (1998) reported that S. invicta colonies collected in College Station, TX, had low but signiÞcant heritability of resistance to desiccation. Some colonies used in the foraging experiments were collected near College Station, TX, and may help explain why S. invicta was able to do well in low humidity with regard to food retrieval. While humidity alone may not have been a factor with regard to food retrieval and dominance by S. invicta, this is the Þrst study to document a reduction in S. invicta worker activity because of low humidity (Figs. 2 and 3 ). In addition, S. xyloni, a native to the southwest, showed no inßuence of humidity on food retrieval or worker activity. This suggests S. xyloni may have the potential to be competitive in areas of low humidity. Humidity may still be a factor in the spread and establishment of S. invicta limiting ants to areas of high moisture in the arid and semiarid southwest. As Martin (1996) reported, S. invicta in College Station, TX, stopped foraging when temperatures reached 31Ð 33ЊC on the soil surface; however, S. invicta continued to forage when water was available (e.g., pond edge), regardless of temperature.
Several studies have shown the negative effects of Pseudacteon ßies on Þre ants. In these experiments, bizarre behavior occurred in treatments including Pseudacteon ßies. Workers scraped Fluon from the trays and piled it on top of the hotdog. Workers may have done this in response to water loss from the hotdog and/or attack from Pseudacteon ßies. The response, however, was likely caused by Pseudacteon ßies because it did not occur in the noncompetitive foraging experiments at either humidity level in the absence of P. tricuspis. Morrison (1999) mentioned that workers cover food sources with soil and debris that cannot be easily taken to the colony. The workers would then feed from underneath the food source using tunnels. This may be a behavioral strategy caused by parasitoid pressure. While treatments with no parasitoid pressure usually fed on top of the hotdog, colonies exposed to Pseudacteon ßies usually fed underneath the hotdog. Workers may have used this strategy to gather food without the risk of being at-tacked. As noted by others , Feener and Brown 1992 , Orr et al. 1995 , Porter et al. 1995b , workers were motionless and had a defensive stance in the presence of Pseudacteon ßies. In competition, food retrieval was reduced in low humidity by Pseudacteon ßies, but the effect was not different between species. It was disappointing to Þnd that the mean amount of food retrieved was not signiÞcantly lower for S. invicta in the presence of Pseudacteon ßies under high humidity (Table 1) , contradicting the negative inßuence reported by researchers working with Pseudacteon ßies. Studies that showed reduced foraging in the presence of Pseudacteon ßies only left bait with workers for 90 Ð150 min (Morrison 2000a , b, Morrison et al. 2000 . Perhaps the effect does not "cascade" down to the food when time is extended, in this case 72 h.
Natural parasitism rates for Pseudacteon ßies are generally very low (Ͻ3%) (Feener 1988) , and with competing ants, the indirect inßuence seems nonexistent. Morrison et al. (1999) found that the presence of Pseudacteon ßies had no effect in interspeciÞc interactions between S. geminata and S. invicta. Morrison (1999) concluded that competing ants rarely assumed a defensive posture and instead focused on Þghting with the other species, whereas Pseudacteon ßies were still vigorously attacking. Interestingly, in this study, Pseudacteon ßies hovered over and eventually ignored battling ants similar to the study of Morrison (2000b) . The effect of Pseudacteon ßies on interference competition is likely relatively small (Morrison 2000b , Mehdiabadi et al. 2004 ). In competing situations, Pseudacteon ßies spent much of their time searching for a suitable host (single worker not battling) and were found searching around dead ants. The combination of battling and parasitoid pressure may have inßuenced recruitment from the colony and increased worker activity to compensate for workers being attacked. The efÞciency of the ßies may have been reduced because of difÞculties in searching for suitable hosts while ants were under competition. Pseudacteon ßies may not have reduced worker activity; however, as Feener (2000) reported, these ßies have to compete with workers that are heavily sclerotized, highly mobile, and agile, making it easy to run or defend themselves. Moreover, eusocial insects can defend each other from parasitoid attack. The majority of Pseudacteon ßies were attracted to workers in the Þrst 30 min (Morrison et al. 2000) but then spent most of their time perched on the cage. Pseudacteon ßies were probably more excited in the beginning with the release of pheromones by the workers competing (Morrison 2000b) . Approximately 30% of female ßies survived after 4 h of attacks in the laboratory and many were captured and killed when they accidentally fell into clusters of ants (Porter 1998) . The fate of ßies includes running out of energy, not actively ßying, and eventually being chased down and killed by workers (Porter 1998) .
In addition, a negative inßuence of P. tricuspis on S. xyloni worker activity was seen at high humidity in noncompetitive foraging. Pseudacteon ßies have been reported to be host speciÞc to the genus Solenopsis (Porter et al. 1995a) . P. tricuspis has also been shown to have a high degree of host speciÞcity for S. invicta and maybe even Solenopsis in the saevissima complex (Gilbert and Morrison 1997) . S. xyloni is in the S. geminata complex, and in this experiment, P. tricuspis did not have a choice. Gilbert and Morrison (1997) and Porter and Alonso (1999) reported that P. tricuspis attacked S. geminata, although they were unable to complete development. The repeated attacks by P. tricuspis on S. geminata in their no-choice experiments may help explain a similar effect on the foraging patterns of both S. invicta and S. xyloni in the experiments presented here. In addition, if given a choice, nontarget effects on natives, like S. xyloni, may not be as strong.
Overall, these results seem to support the competitive advantage of S. invicta over S. xyloni, even under low humidity conditions. What is promising, however, is that the combination of humidity, P. tricuspis, and competition may favor native ant species, such as S. xyloni, allowing them to better compete and coexist ( Fig. 4c and d) . A negative effect of food retrieval for S. invicta was seen at low humidity in the presence of P. tricuspis and was the only time Pseudacteon ßies had any impact on food in noncompetitive foraging and competition (Table 1 ). In addition, S. invicta worker activity in the presence of Pseudacteon ßies in noncompetitive foraging was reduced at high humidity. S. xyloni was also able to dominate S. invicta in percent occupancy at high humidity in the presence of P. tricuspis (Fig. 4c) and coexist with S. invicta in low humidity with P. tricuspis (Fig. 4d) , where no dominance was observed by either species. This suggests that S. xyloni may have an increased competitive ability at high humidity and an ability to coexist at low humidity when parasitoids are present. The ability for S. xyloni to compete and coexist may be a response to competing foragers and recruits "advertising" their presence by alarm pheromones (Feener 2000) . These pheromones may be allowing Pseudacteon ßies to home in on S. invicta. Feener (2000) stated that the indirect effect of parasitoids changes the behavior and responses within a community quite rapidly and changes instantaneously in the presence and absence of parasitoids. This was observed when Pseudacteon ßies were introduced daily especially at the start when ant colonies were at their highest numbers, before battling decreased the populations.
Solenopsis xyloni was able to take over at high humidity in the presence of P. tricuspis in only one experiment. Although the S. invicta queen survived, S. xyloni workers randomly walked around the S. invicta colony experimental container, whereas only a few S. invicta workers remained within the queen-nesting dish protecting the queen and eggs. In another experiment at low humidity in the presence of P. tricuspis, S. xyloni was able to kill an entire S. invicta colony, further supporting the idea of an increased competitive ability of the S. xyloni populations. Finally, compared with the "optimum" high humidity treatment in the absence of P. tricuspis, S. invicta worker activity was reduced in low humidity alone and both humidity levels when P. tricuspis was present. These results suggest that a release of Pseudacteon ßies in competitive environments may reduce S. invicta food retrieval, worker activity, and perhaps survival.
The rapid spread of S. invicta supports the idea that it has escaped natural enemies. Sadly enough, competition is a numbers game, and as Hö lldobler and Wilson (1990) explain, there are asymmetries among competing colonies with the advantage going to the largest colony. This study suggests S. xyloni may have a competitive advantage and an increased ability to coexist with S. invicta if aided by parasitoids. Although a reduction in emergence of Pseudacteon ßies has been observed at low humidity (Ramirez 2004 ) and a relatively high level of moisture is necessary for successful pupation and eclosion (Morrison et al. 2000) , modiÞcations could potentially be made to increase its success in semiarid environments. The relatively large numbers of native ant species coexisting with S. invicta in Texas years after they invaded is promising (Helms and Vinson 2001) , not only where S. invicta is established but in new areas of invasion such as the southwest. The combination of native Pseudacteon ßies in the United States with the mass production and release of host speciÞc exotic Pseudacteon ßies has potential as a long-term biological control option. It may be wise to implement Pseudacteon ßies as a control option in the southwest where S. invicta populations are still manageable.
